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copolymer is the polymer block B, wherein the propor- 
tion of the terminal polymer blocks B in the hydrogen- 
ated block copolymer is at least 0.1 wt% but less than 
9.1 wt%, wherein the proportion of the aromatic vinyl 
hydrocarbon compound in the hydrogenated block 
copolymer is at least 25 wt% but less than 80 wt%, and 
wherein the 1,2-bond content of the polymer blocks 
mainly comprising a butadiene monomer unit before 
hydrogenation is, on average, at least 60 mol% but less 
than 99 mol%. By the incorporation of such a hydrogen- 
ated block copolymer having a specific structure to an 
alloy of a polypropylene resin with a polyphenylene 
ether resin or a polystyrene resin, the resulting resin 
composition is improved in the balance among the 
appearance of its molded article, tensile elongation at 
break and moldability and, in addition, has characteris- 
tics of both the polypropylene resin and the polyphe- 
nylene ether resin or polystyrene resin in combination. 
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Description 
TECHNICAL FIELD 

s [0001] The present invention relates to a hydrogenated block copolymer having a specific structure; and to a resin 
composition which comprises an alloy of a polypropylene resin with a polyphenylene ether or polystyrene resin and the 
hydrogenated block copolymer having a specific structure, which composition is improved in the balance among 
appearance of the molded article, tensile elongation at break and moldability by the incorporation of the hydrogenated 
block copolymer, and which composition has characteristics of both the polypropylene resin and the polyphenylene 

10 ether resin or polystyrene resin in combination. 

BACKGROUND ART 

[0002] Polypropylene resins have been used in various fields as a molded article owing to their excellent organic 

is solvent resistance and chemical resistance, however, they are accompanied with the drawbacks such as low rigidity 
and low heat resistance. Polyphenylene ether resins, on the other hand, are accompanied with such a problem as infe- 
rior organic solvent resistance in spite of having excellent rigidity and heat resistance. Polystyrene resins are inexpen- 
sive and excellent in moldability and rigidity, but inferior in organic solvent resistance. A mixture of these resins has 
been proposed as a resin composition having merits of each of the resins in combination. A polypropylene resin has 

20 only poor compatibility with each of a polyphenylene ether resin and a polystyrene resin so that systems further com- 
prising a compatibilizing agent are proposed (JP-A-53-71 158, JP-A-5-88960 or JP-A-59-1O0159 (The term "JP-A* as 
used herein means an "unexamined published Japanese patent application")). These systems are however accompa- 
nied with the problems that morphology tends to undergo a change upon heat retention or at the time when a solidifying 
rate is not uniform in a mold and flow marks appear depending on a change in the molding conditions or depending on 

25 the place of the molded article, which makes them unsuitable for practical use. In addition, the resin composition has 
recently been required to have high tensile elongation at break among various mechanical properties such as rigidity 
and impact resistance, to prevent the molded article from being broken, when exposed to stress. As a compatibilizing 
agent exhibiting morphology stability, a diblock copolymer having segments compatible respectively with the resins to 
be blended are most effective. It is also known that the use of such a diblock copolymer, however, prevents exhibition 

30 of high tensile elongation at break because the strength on the interface between the two resins becomes low. Thus, 
the external appearance of the molded article, which varies depending on the morphology stability upon thermal reten- 
tion, and tensile elongation at break are physical properties which have been unable to be satisfied so far simultane- 
ously. For the improvement of morphology stability upon heat retention, it is preferred that the segments of the block 
copolymer, which is added as a compatibilizing agent, compatible with the resins respectively each has a higher molec- 

35 ular weight. An increase in the molecular weight of the segment to impart it with a sufficient molecular weight lowers 
fluidity, leading to a deterioration in the moldability or prevents the exhibition of desired physical properties owing to poor 
dispersion. 

[0003] The addition of a hydrogenated block copolymer as a compatibilizing agent is proposed, for example, in JP- 
A-63-225642. This publication discloses a resin composition comprising a polypropylene resin, a polyphenylene ether 

40 resin and a hydrogenated block copolymer, and examples using a styrene-hydrogenated butadiene diblock copolymer 
and a styrene-hydrogenated butadiene-styrene triblock copolymer as the hydrogenated block copolymer have been 
effected therein. Diblock, triblock and tetrablock structures are exemplified as preferred structures of the hydrogenated 
block copolymer. Concerning the tetrablock structure, however, neither description on the amount of the terminal hydro- 
genated butadiene block which is specified particularly in the invention of the present application, nor suggestion about 

45 its effects is included in the above-described disclosure. Examples using the tetrablock structure are not also included 
therein. The external appearance of the molded article which depends on the morphology stability upon thermal reten- 
tion and tensile elongation at break, which are problems to be solved by the present invention, are not satisfactory in 
accordance with the above-described conventional technique. 

[0004] JP-A-9-12804 discloses a resin composition comprising a polypropylene resin, a polyphenylene ether resin 
so and a hydrogenated block copolymer. Examples of a styrene-hydrogenated butadiene-styrene-hydrogenated butadiene 
block copolymer and a hydrogenated butadiene-styrene-hydrogenated butadiene-styrene-hydrogenated butadiene 
block copolymer used as the hydrogenated block copolymer have been effected therein. Although this publication 
includes a description that the composition is excellent in heat resistance, rigidity and tenacity (particularly, elongation), 
the moldability and external appearance of the molded article are not satisfactory. Moreover, it includes neither a 
55 description on the amount of the terminal hydrogenated butadiene block nor a suggestion about its effects. 

[0005] JP-A-9-1 45238 discloses, as an inner wall material for refrigerator, a resin composition comprising a poly- 
propylene resin, a polystyrene resin and a hydrogenated block copolymer. This publication includes neither a descrip- 
tion of the amount of the terminal hydrogenated butadiene block in the hydrogenated block copolymer nor a suggestion 
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about its effects. Moreover, it does not include examples effecting the same. According to this technique external 

SSSTS- h T art d ^ hichd ^ ends °" < he morphology stability upon heat retention and te Selonga ion 
at break, which are problems to be solved by the present invention, are not satisfactory. °nganon 

10006] An object of the present invention is to provide a resin composition excellent in rigidity, heat resistance and 
organic solvent resistance and also well-balanced among the appearance of the molded article tens rSnga^on at 
break and moldability; and a hydrogenated block copolymer for obtaining the composition. etongation at 

DISCLOSU RE OF THE INVFNTinN 



io [0007] With a v,ew to attaining the above-described objects, the present inventors have carried out an extensive 

nSS'X; m 3 ', " ^ f ° Und th3t 3 r6Sin com P° sition c ° m P™"9 * hydrogenated block c^fymefha^g 
a specjc structure a polypropylene resin, and a polyphenylene ether resin or polystyrene resin effectively attains me 

above-described objects, leading to the completion of the present invention 

« KSfL . The abov ^- described oti > ects ° f the P«*ert invention have been achieved by the following hydrogenated 
is block copolymers and resin compositions. wusu 

V A hydrogenated block copolymer which comprises at least two polymer blocks A each mainly comprising an aro- 
mat,c v,nyl hydrocarbon compound monomer unit and at least two hydrogenated polymer blocks B each mainly 
comprising a hydrogenated butadiene monomer unit, at least 90% of olefinically unsaturated double bonds in the 
pofymer blocks ma.nly comprising a butadiene monomer unit before hydrogenation having been hydrogenated, 

wherein at least one of the block at the terminal of the hydrogenated block copolymer is the polymer block B 

W wt"l 1 OP °?'? n * * he termina ' P ° ,ymer blocks B in * e nydrogenated block copolymer is at least 0 1 

wt% but less than 9. 1 wt%, 

,h ^Pr°P ortion i of tne arom a«c vinyl hydrocarbon compound in the hydrogenated block copolymer is at 
least 25 wt% but less than 80 wt%, and 

wherein the 1 .2-bond content of the polymer blocks mainly comprising a butadiene monomer unit before hydro- 
genation is. on average, at least 60 mol% but less than 99 mol%. 

2. The hydrogenated block copolymer according to the above embodiment 1. wherein the proportion of the aro- 
mate vmyl hydrocarbon compound in the hydrogenated block copolymer is at least 25 wt% but less than 70 wt% 

L?e(^ 

4. The hydrogenated block copolymer according to the above embodiment 1 , wherein the proportion of the terminal 
polymer blocks B ,n the hydrogenated block copolymer exceeds 0.5 wt% but less than 5.0 wt% 

5. A resin composition comprising the following components (1), (2a) and (3): 

(1) 20 to 80 parts by weight of a polypropylene resin, 
(2a) 20 to 80 parts by weight of a polyphenylene ether resin, and 

(3) 1 to 40 parts by weight of the hydrogenated block copolymer according to any one of the above embodi- 

6. A resin composition comprising the following components (1), (2b) and (3): 

45 (1 ) 20 to 80 parts by weight of a polypropylene resin, 

(2b) 20 to 80 parts by weight of a polystyrene resin, and 

(3) 1 to 40 parts by weight of the hydrogenated block copolymer according to any one of the above embodi- 
rnsnis l io 4. 

50 BRIEF DESC RIPTION OF THE DRAWING 

[0009] 

FIG. 1 illustrates Tdd of each of SEBS1 and SEBS2. 

55 

BEST MODE FOR H ARRYING OUT THE INVENTION 

[001 0] The present invention will hereinafter be described more specifically The present invention is made based 
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on the findings that in a composition formed of a polypropylene resin, a polyphenylene ether resin or polystyrene resin, 
and a hydrogenated block copolymer, when the content of the aromatic vinyl compound monomer unit in the hydrogen- 
ated block copolymer and the 1 ,2-bond content in the polymer blocks mainly comprising butadiene monomer units 
before hydrogenation each falls within a predetermined range, and at the same time, the block structure satisf ies a spe- 

5 cif ic structure, a resin composition excellent in heat resistance, rigidity and organic solvent resistance and also well-bal- 
anced among the appearance of the molded article, tensile elongation at break, and moldability can be obtained. 
[001 1] As the polypropylene resin (1) usable in the present invention, any resin available by homopolymerization of 
propylene or polymerization of propylene with at least one monomer selected from ethylene and 2 a-olefins, for 
example, 1-butene, isobutylene and 4-methyl-1-pentene can be used. Among them, a homopolymer of propylene, pro- 

io pylene block copolymers and propylene random copolymers and mixtures thereof are preferred. The polymer different 
in the molecular weight or composition can also be mixed. As a comonomer of the block or random copolymer with pro- 
pylene, a-olefins other than propylene or ethylene can be employed, of which the ethylene is preferred. The propylene 
content in such a copolymer is preferably at least 55 mol%. In the propylene block copolymer obtained using an a-olefin 
as a comonomer, an ethylene/a-olefin block forms a disperse phase with a homopropylene block as a continuous 

is phase. The content of the disperse phase component is preferably 5 to 30 wt% of the propylene block copolymer. This 
disperse phase may contain polyethylene. The polypropylene resin can be obtained by any known polymerization 
method and examples include transition polymerization, radical polymerization and ion polymerization. 
[0012] Examples of the polyphenylene ether resin (2a) usable in the present invention include poly(2,6-dimethyl- 
1,4-phenylene) ether, poly(2,6<Jiethyl-1 ,4-phenylene) ether, poly(2-methyl-6-ethyl-1,4-phenylene) ether, pol y(2 -methyl - 

20 6-propyl-1 ,4-phenylene) ether, poly(2,6-dipropyl-1 ,4-phenylene) ether, poly(2-ethyl-6-propyl-1 ,4-phenylene) ether, 
poly(2,6-dibutyl-1 ,4-phenylene) ether, poly(2,6-dipropenyl-4,4-phenylene) ether, poly(2,6-dilauryl-1 ,4-phenylene) ether, 
poly(2,6-diphenyl-1,4-phenylene) ether, poly(2,6-dimethoxy-1,4-phenyiene) ether, poly(2,6-diethoxy-1 ,4-phenylene) 
ether, poly(2-methoxy-6-ethoxy-1 ,4-phenylene) ether, poly(2-ethyl-6-stearyloxy-1 ,4-phenylene) ether, poly(2,6- 
dichtoro-1 ,4-phenylene) ether. poly(2-methyl-6-phenyl-1 ,4-phenylene) ether, poly(2,6-dibenzyl-1,4-phenylene) ether. 

25 poly(2-ethoxy-1,4-phenylene) ether, poly(2-chloro-1,4-phenylene) ether and poly(2,5-dibromo-1,4-phenylene) ether, 
and similar resins thereof. In addition, a copolymer of 2.6-dimethylphenol and 2.3,6-trimethylphenol, a copolymer of 2.6- 
dimethylphenol and 2.3.5,6-tetramethyiphenol and a copolymer of 2,6-diethylphenol and 2,3.6-trimethylphenol can be 
mentioned as examples. Moreover, the polyphenylene ethers usable in the present invention include modified ones 
such as those obtained by grafting a styrene or styrene monomer such as p-methylstyrene or a-methylstyrene on 

30 polyphenylene ether. The above-exemplified polyphenylene ethers can be prepared in a known process, for example, 
that described in the specification of US. Patent No. 3306874, 3306875, 3257357 or 3257358, JP-B-52-17880 (the 
term "JP-B" as used herein means an "examined published Japanese patent publication") or JP-A-50-51 197. Preferred 
examples of the polyphenylene ether include those having alkyl substituents at two ortho positions relative to the oxy- 
gen atom of ether, copolymers of a 2,6-dialkylphenol and copolymers of a 2,3,6-trialkylphenol, of which the copolymer 

35 of 2,6-dimethylphenol is preferred. The molecular weight of the polyphenylene ether preferably ranges from 0.2 dl/g to 
0.7 dl/g in terms of reduced viscosity as measured in a chloroform solution at 30°C. Reduced viscosities less than 0.2 
dl/g deteriorate the mechanical strength of the composition, while those exceeding 0.7 dl/g lower the moldability. The 
polyphenylene ether resin in an amount less than 50 wt% can be replaced with a polystyrene resin. 
[0013] Examples of the polystyrene resin (2b) include polymers containing at least 50 wt% of styrene such as pol- 

40 ystyrene, high-impact polystyrene, acrylonitrile-styrene copolymer, ABS resin, and styrene-methyl methacrylate copol- 
ymer, and mixtures thereof. The polystyrene resin in an amount less than 50 wt% can be replaced with a polyphenytene 
ether resin. 

[0014] The hydrogenated block copolymer (3) usable in the present invention comprises at least two polymer blocks 
mainly comprising an aromatic vinyl hydrocarbon compound unit and at least two hydrogenated polymer blocks B 

45 mainly comprising a butadiene monomer unit. As the aromatic vinyl compound monomer unit, at least one monomer 
unit is selected from styrene, alkyl styrenes such as a-methylstyrene, p-methylstyrene and p-tertiary butyl styrene, 
paramethoxy styrene and vinyl naphthalene, of which the styrene is preferred. The content of the aromatic vinyl com- 
pound monomer unit in the block copolymer is at least 25 wt% but less than 80 wt, of which the content of at least 25 
wt% but less than 70 wt% is preferred, the content exceeding 45 wt% but less than 60 wt% is more preferred and the 

so content exceeding 45 wt% but less than 50 wt% being particularly preferred. Contents less than 25 wt% deteriorate the 
balance between heat resistance and tensile elongation at break, while those of 80 wt% or greater deteriorate the bal- 
ance among appearance of the molded article, moldability, and impact resistance. The content of the aromatic vinyl 
compound monomer unit can be measured by a nuclear magnetic resonance (NMR) apparatus or ultraviolet spectro- 
photometer (UV). In the present invention, the terms "mainly comprising", for example, in the case of "mainly comprising 

55 an aromatic vinyl compound monomer unit", means to include the case where the block comprises one or more aro- 
matic vinyl monomers and also include the case where the aromatic vinyl monomer has been copolymerized with 
another monomer copolymerizable therewith by living anionic polymerization. Examples of the another monomer copo- 
lymerizable with the aromatic vinyl monomer(s) include conjugated diene compound monomers, methacrylates such as 



4 



SDOCID: <EP 1029B76A1_1_> 



EP 1 029 876 A1 



methyl methacrylate and butyl methacrylate. cyclohexadiene and caprolactone. They may be copolymerized in any 

IS^^^SJ^ and tapered - A plurality of po,ymer b,ocks A may differ * «~ VE^ 

l^nLr* I? ^ Pr6S f 01 inVenti ° n ' ,he 1 ' 2 " b0nd COntent of the po| y mer block ***** comprising a butadiene monomer 
unrt before hydrogenat.on is. on average, at least 60 mol% but less than 99 mol%, with the content of at least 62 moS 
but less than 99 mo«% being preferred and that of at least 70 mor% but less than 99 mo.% be,n 1 S r 2 Corf 

anTmoSaS ™ 7*? "1*?* *" ^ amonB tenS ' ,e e,0n9ation at break ' -PP^^S? aSS 
^il ™ y ' StrUCtUre C3n be meaSUred by 3 nuclear ma 9 nelic resonance (NMR) apparatus. The tefrn 

Jnn^" 5 " 19 3 7° m0n ° mer Unit " meanS t0 inC,Ude the case where butedi ^ has been co^lymeS 
wrth another monomer copolymerizable therewith by living anionic polymerization. Exanples of the anothe7m^om7r 
copolymenzable wrth butadiene includes conjugated dienes such as isoprene. amn^^^^^^ 
c m ^ C Z ate H SUCh ^ methac * ,ate and ^ methacrylate. cyclohexadiene and c£o^^^ 

cu^jr^ 0 ^ — - > ~ « 

• hydrogena,ed b,ock copolymer of the present invention is obtained by hydrogenation of at least 90% of 
the olef.mcally unsaturated double bonds in the unhydrogenated polymer block B. Hydragenation mfioVte^SS 
cause a deterioration by heat or light, leading to lowering in the thermoplasticity. The unsaturated double S^s of S,e 
benzene nng of the aromatic vinyl compound in the block A may be hydrogenated in an amount up to 2c2 tesS on 
(NMRJapparakis ^ ^ ratios «" be — d * a nuclear magnetic re^n« 

r^-r* fl< T T (MFR) ° f th6 h y dr °9 enated b,ock copolymer determined in accordance with JIS K 7210 
under the cond.hons of a temperature of 230°C and a load of 5 Kg preferably falls within a range of at least 0 02 a/ 0 

SS^Th 9 f ♦ r" 1 - ^ 3 ran9e ° f 31 ' eaSt 0 03 9/10 mi " but not 0"-* than 200 g/ Ztt*n B "more 

preferred and a range of at least 0.2 g/10 min but not greater than 160 g/10 min being particularly preferred Me iS 

7 ? ? 1 ° dSteri0rate th6 m0 ' dabi,ity ° f the «"P°"*». whi.e those" S^SS^^SZ 
S nTh 6 0n5 T n 31 f ^ 7,1056 ° UtSide the ^^cribed range are therefore not prefer^ 
[0019] In the present invention, although the hydrogenated block copolymer can take any form such as linear 

or ""J**" ,orm ' * should comprise at least *•» polymer b,ocks main, y oi^l^SSS 

monom.? nn tT^n v TTI " ld 31 ,M8t ^ P 0 *™ "oeks B mainly comprising a butad^ne 

monomer unrt. In addition, the hydrogenated block copolymer of the present invention must have asat least Sermi 
nal b ock. the polymer block B. Preferred structures include A-B-A-B, B-A-B-A-B and (^^ZSX^ZSZ 
an integer of 2 or greater and X represents the residue of a coupling agent). When a random c£ZZZ is Sm i a 

changes " ^ ^ ^ * ™ y haVe 3 structure in which i^^SSj 

[0020] In the hydrogenated block copolymer of the present invention, the polymer block A mainly comorisina an 
arornat.cv.nyl hydrocarbon compound monomer unit preferably has a molecular weigh? of VmiTSS^^ 
greater than 60.000. with a range of at least 15.000 but not greater than 55.000 being more p^^JS'!!^^ 

Tt^s^ 9 r er than 51 - 000 being par,icu,ariy preferred - Mo,ecuiar ^ ™ z^s 

in nS! f etW6en the a PP earance of ,he mold ed article and tensile elongation at break while those exceedhia 
Z 3 S2T? ^ ■? m0ldabi ' ity - 11 iS Preferred that 31 ' eaSt ° ne ° f the h ^enated polymer blocks be^een ^ po. 

ZnBC^n 'T " 3 bUladiene m ° n0mer Unit h3S 8 m0 ' eCUlar Wei 9 ht 0f * least ™>™° but no7g3er 

than 80.000 with a range of at least 35.000 but not greater than 70.000 being preferred and a range of at leas 4o7oo 
but not greater than 64.000 being particularly preferred. Mo.ecu.ar weights less than 30.000 (Tein^SoSS 

^zsssr™* 01 the mo,ded artic,e and tensi,e e,ongafon at break - wh,,e those sss 

□TJi h,,? 6 T P °?? n ° f the termina ' P° lymer bl0Ck(s) B in the Mrogenated block copolymer is at least 

arc^r,^ Tt iVn ^t *~ view V oit «s of W«nmc of the molded article and tensile etongation at b eak 

5 oS Z Ln S r ^ th3n 7 5 arS Pre,erred - With ratios exc ^"9 0.5 wt% but less than 

5.0 , wt /o be-ng more preferred. Proporftons less than 0.1 wt% deteriorate the balance among appearance of the moSed 

of 1' "^Jf*?' andheatresis ^ce, while those of 9.1 wt% or greater deteriorate the LtL a^aSSS 

form ofT-B A^ B fo^exTmoi? 'the T"" fT**™ * ^ ^ thS b ^ k «»lS*ml?r^ 

SL u Z . * exam P ,e - 1116 Proportion of the terminal polymer block B is at least 0 1 wt% but less than 9 1 wry 
When the yd rogenated b.ock copolymer is in the form of B1 -A-B2-A-B3 (B1 . B2 and B^i^a^X^M^ 

S. s J y COmpr,S ; n ?, a bUtadi6ne m ° n0mer unit ^ for ^P 16 - Potion of the teririBJ?^'olS?fSS 

11 1 tK ran9e ° 31 6351 °- 1 bUt ,6SS than 9 - 1 ««• and that of tt 16 P° ,vm er block B3 at the other terminal mus 
also fall within a range of at least 0.1 wt% but less than 9. 1 wt%. lermmai must 
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[0022] The present inventors have found that the hydrogenated block copolymer of the present invention has excel- 
lent fluidity, which means excellent moldability, owing to the effects of a specific amount of the terminal polymer block 
B. For the' improvement of the mechanical properties such as tensile elongation at break and heat resistance, an 
increase in the molecular weight of the whole composition is considered as one measure. In this case, however, fluidity 
is lowered, leading to a deterioration in moldability. The hydrogenated block copolymer according to the present inven- 
tion is an epoch-making invention which does not cause a deterioration in the moldability, while improving the mechan- 
ical properties. 

[0023] The hydrogenated block copolymer of the present invention preferably has a domain degradation tempera- 
ture (Tdd) of 150°C or higher, with 160°C or higher being more preferred and 170°C or higher being particularly pre- 
ferred. Temperatures less than 150°C are not preferred, because they deteriorate the heat resistance of the 
composition. The hydrogenated block copolymer of the present invention comprises polymer blocks A mainly compris- 
ing an aromatic vinyl hydrocarbon compound unit and hydrogenated polymer blocks B mainly comprising a butadiene 
monomer unit. At temperatures not greater than the glass transition point of the polymer block A, the blocks each forms 
a domain and are under the state of micro phase separation. The domain of the polymer block A has a glass transition 
temperature (Tg) at which melting starts and on the higher temperature side, there exists a domain degradation tem- 
perature (Tdd) which permits the polymer chain of the polymer block A, which has been melted and released from the 
restraint, to start moving from the domain. At Tg or Tdd, the hydrogenated block copolymer softens. In general, it is 
regarded that the higher the thermally softening temperature, the better heat resistance. For example, when the poly- 
mer block A is polystyrene, it has a Tg of about 1 00°C. This Tg does not undergo a change, influenced by the molecular 
weight when the polymer block A has a molecular weight of about 13,000 or greater. The Tg is also free from the influ- 
ence of the block structure. Tdd, however, increases with a rise in the molecular weight. Finding this fact, the present 
inventors have carried out an investigation based on the presumption that a composition which is required to have heat 
-resistance is improved largely in this property by raising Tdd. As a result, to their surprise, it has been found that sup- 
posing that the molecular weight of the polymer block A is the same, Tdd shows a drastic increase by the addition of a 
hydrogenated polymer block to the terminal of the hydrogenated block copolymer, which is a requirement of the hydro- 
genated block copolymer of the present invention, and that a composition added with the hydrogenated polymer block 
B has largely improved heat resistance. In general, the fluidity (a measure for moldability) and softening temperature of 
the hydrogenated block copolymer are not satisfied simultaneously. For example, by lowering in the molecular weight 
for fluidity improvement, the softening temperature inevitably decreases. The hydrogenated block copolymer having, at 
the terminal thereof, a specific amount of the polymer block B is, as described above, an epoch-making invention which 
permits simultaneous improvement of two contradictory properties. 

[0024] The hydrogenated block copolymer falling within the scope of the present invention can be prepared by the 
process described, for example, in JP-B-36-19286, JP-B-43-14979 or JP-B-49-36957. According to the above- 
described process, an aromatic vinyl monomer and a butadiene monomer are block copolymerized in a hydrocarbon 
solvent by using an organic lithium compound as an anionic polymerization initiator and, as a vinylating agent, an ether 
compound such as diethyl ether, tetrahydrofuran, a tertiary amine such as triethylamine or N,N,N\NMetramethylethyl- 
enediamine and if necessary, a polyfunction^ compound such as epoxylated soybean oil, silicon tetrachloride, dirneth- 
yldichlorosiiane, ethyl benzoate or phenyl benzoate as a coupling agent. By the above-described process, a block 
copolymer having a linear, branched or radial structure can be obtained. 

[0025] The hydrogenated block copolymer of the present invention can be obtained by the hydrogenation of the 
above-described block copolymer by a known process, for example, the process described in JP-B-42-87045. The 
hydrogenated block copolymer usable in the present invention may partially or wholly contain that modif ied by the addi- 
tion reaction with an unsaturated carboxylic acid or derivative thereof to have a functional group. It can be used in com- 
bination with a hydrogenated block copolymer having a different composition, or. an olefin base elastomer such as 
ethylene propylene rubber. 

[0026] The resin composition of the present invention can be adjusted according to the ratio of each component by 
an apparatus ordinarily employed for the mixing of a high-molecular substance. Examples of such a kneader include 
Banbury mixer, Labo Plasto Mill, single-screw extruder and twin-screw extruder. Mixing under a molten state by an 
extruder is preferred from the viewpoints of the productivity and good kneading properties. 

[0027] The resin composition 1 of the present invention comprises (1) 20 to 80 parts by weight of a polypropylene 
resin, (2a) 20 to 80 parts by weight of a polyphenylene ether resin, and (3) 1 to 40 parts by weight of a hydrogenated 
block copolymer. When the amount of the polypropylene resin is less than 20 parts by weight, the resulting resin com- 
position has deteriorated organic solvent resistance. When the amount exceeds 80 parts by weight, on the other hand, 
the resulting resin composition has deteriorated heat resistance. At amounts of the polyphenylene ether resin less than 
20 parts by weight, the resulting resin composition has deteriorated rigidity and heat resistance, while at amounts 
exceeding 80 parts by weight, the resulting resin composition has deteriorated organic solvent resistance. Amounts of 
the hydrogenated block copolymer less than 1 part by weight deteriorate the impact resistance of the resin composition, 
while those exceeding 40 parts by weight deteriorate its rigidity. 
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[0028] The resin composition 2 of the present invention comprises (1 ) 20 to SO parts by weight of a polypropylene 
resin, (2b) 20 to 80 parts by weight of a polystyrene resin, and (3) 1 to 40 parts by weight of a hydrogenated block copol- 
ymer. When the amount of the polypropylene resin is less than 20 parts by weight, the resulting resin composition has 
deteriorated organic solvent resistance. When the amount exceeds 80 parts by weight, on the other hand the resulting 
resin composition has deteriorated heat resistance. At amounts of the polystyrene resin less than 20 parts by weight 
the resulting resin composition has deteriorated rigidity, while at amounts exceeding 80 parts by weight the resulting 
resin composition has deteriorated organic solvent resistance. Amounts of the hydrogenated block copolymer less than 
1 part by weight deteriorate the impact resistance of the resin composition, while those exceeding 95 parts by weiaht 
deteriorate its rigidity. a 

[0029] To the composition of the present invention, an inorganic filler, stabilizer, lubricant, colorant silicone oil 
flame retardant and/or the like can be added. Examples of the inorganic filler include calcium carbonate talc magne- 
sium hydroxide, mica, barium sulfate, silicic acid (white carbon), titanium oxide and carbon black. Those of the stabilizer 
include hindered phenol antioxidants, phosphorus base heat stabilizers, hindered amine base light stabilizers and ben- 
zotnazole base UV absorbers. Examples of the lubricant include stearic acid, stearates and metal salts of stearic acid 
[0030] The present invention will hereinafter be described in detail. It should however be borne in mind that the 
present invention is not limited by these examples. 



EXAMPLES 
so (I) Each component 
(1) Polypropylene resin 

[0031] A propylene homopolymer "SSA510B" (MFR 0.5 g/10 min) produced by Nippon Polyolefin Co.. Ltd was 
25 employed. 

(2a) Polyphenylene ether resin 

[0032] As a polyphenylene ether resin, poly(2,6-dimethyl-1 ,4-phenylene) ether having a reduced viscosity of 0 42 
30 dl/g in a chloroform solution at 30°C was employed. 

(2b) Polystyrene resin 

[0033] As a polystyrene resin, "Styron 685" (polystyrene) and "Styron H81 1 T (high impact polystyrene), each pro- 
35 duced by Asahi Chemical Industry Co., Ltd. were employed. 

(3) Hydrogenated block copolymer 

[0034] A styrene-butadiene block copolymer was obtained by anionic block copolymerization of styrene and buta- 
40 diene in a solvent of cyclohexane by using n-butyl lithium as an initiator and tetrahydrofuran as a 1 2-bond amount reg- 
ulator. As a coupling polymer, dimethyldichiorosilane was used. Then, the resulting styrene-butadiene block copolymer 
was hydrogenated under a hydrogen pressure of 5 Kg/cm 2 and a temperature of 50°C by using bis(ri 5 -cyclopentadi- 
enyl)titan.um dichloride and n-butyl lithium as a hydrogenation catalyst. The structure, molecular weight 1 2-bond 
amount and hydrogenation ratio of the polymer were controlled by changing the amount or order of the* monomer 
45 charged, the amount of the catalyst, the amount of the 1 ,2-bond amount regulator and polymerization temperature and 
hydrogenation time, respectively The styrene content was measured by an ultraviolet spectrophotometer (UV) while 
the 1,2-bond amount and hydrogenation ratio were measured using a nuclear magnetic resonance (NMR) apparatus 
Regarded as a domain degradation temperature (Tdd) is the first peak temperature available by the measurement of 
tan 6 under the conditions of a parallel plate, frequency of 6.28 rad/sec and cooling temperature of 3*C/min from 250°C 
so by using a mechanical spectrometer "RMS800" manufactured by Rheometrics Inc. 

[0035] The structure and analysis data of each sample are shown in Table 1 . Measurement results of Tdd of SEBS1 
and SEBS3 are shown in FIG. 1. 
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(II) Adjustment of resin compositions and measurement of their physical properties 

K , tk 6 OTm P onent ( 1 )■ the component (2a) or (2b), and the component (3) weredry blended at a ratio as shown 
in Table 2. The resulting mixture was kneaded under a molten state by a twin-screw extruder set at jw^i^ -T 

:T*wc^cT£i by wh ; n h pe,,ets were obtained - The reing p= ™ sszse: 

nrlnlS. ° f ^ com P onent 2b >- follow ed by molding, by which a test piece for measuremert was 

prepared. The measurement results of physical properties are shown in Table 2 measurement was 

tEL t AlthoL '9 h ! he com P os Won using SEBS4, which is shown in Table 1, was kneaded under a molten state and 
nonXT H° h ded ' ^ Unm °' ten SUbSt3nCe W3S 0bServed from each of the ™*« articles oXl^ETcS? 

h C °T nent (2b) ' * therefore impossible t0 eva,uate ite Physical properties 
[0038] The physical properties were measured as described below: 

MFR (a measure for moldability): The melt flow rate was measured under the conditions of 230-C and a load of 5 
Flexural modulus (a measure for rigidity): measured in accordance with ASTM D790 

l^ltvZT™ temPeratUre (a meaSUre f ° r h6at resistanc e) ; ^sured in accordance with ASTM D648 (load 
Vicat softening point (a measure for heat resistance): measured in accordance with ASTM D1525 
Izod impact strength (a measure for impact strength): in accordance with ASTM D256 
Tensile elongation at break: in accordance with ASTM D648 

Appearance of molded article: A flat plate of 8.9 cm wide. 1 4.9 cm long and 2 mm thick was prepared by injection 
or f. 9 r eratl ° n V™ markS Was Visua "y observed - The Plate on which no flow mL was oSS 

iST^Th ^""V** th6y Pr ° Vide n ° hindranC6 l ° th6 Practical use was ev ^ated as S wWleTe 
plate on wh.ch many flow marks appeared so as to cause a hindrance to the practical use was evaluated as X 

From Table 2. it is apparent that the resin compositions of the present invention are excellent. 



30 



35 



40 



15 



SO 



55 



5OCI0: <EP 1029876A1_I_, 



9 



EP 1 029 876 A1 



f5 



SO 



Comp. Ex. 


- 1 




• '• — 
■c o -c: oa 

3-1 §-1 ! 


10 parts 
by weight 


rM 


5 


1 


CO 

r> 


o 


x 


Comp. Ex. 


30 parts 
by weight 




35 parts 
by v/elght 

35 parts 
by weight 


SEB55 
lOparts 
by weight 


CM 


o 

8 


! 


CO 
O 


o 

CO 


X 


Comp. Ex. 
4 


30 parts 
by weight 




35 parts 
by weight 

35 parts 
by weight 


SEBS3 
10 parts 
by weight 


O 
CM 
CM 


1900 


• 

i 


to 
o 


o 


X 


>c 

LU 


30 parts 
by weight 




35 parts 
by weight 

35 parts 
* by weight 


LU * 

CO ^ 

XI 

J.' 


£ 

CM 


CM 
O") 


! 


o> 
o 


o 

CD 


O 


EX.3 


30 parts 
by weight 




ai^ a s 


a* 

_ » £ 
co *£ -S» 

sag 

CO ° 


O 

CM 


1900 


1 


oo 

CD 


o 

CO 


O 


LU 

Q- CO 

o 
O 


60 parts 
by weight 


40 parts 
by weight 




SEBS6 
10 parts 
bywelghl 


O 
CM 

CO 


1600 


to 
o 


• 


O 


X 


Comp. Ex. 


60 parts 
bywelghl 


40 parts 
bywelghl 




SEBS5 
10 parts 
by weight 




e> 
o 
in 


o 


i 


s 


X 


Comp. Ex. 


60 parts 
bvweiaht 


40 parts 
bvweiaht 




SEBS3 
10 parts 
bv weight 


o 

CM 
CO 


1590 


o 




s 


X 


Ex.2 


60 parts 
bv welaht 


a XT C 

°ii 


i 


SEBS2 
10 parts 
bvweiaht 


o 


S 

CD 




• 


o 

CD 


O 


Ex.1 


co _C 

a s 

o IT 

CO > 


f I 


) 
* 


SEBS1 
10 parts 
bv welaht 


> 


1600 


CO 
<=> 


i 


o 


0 


VJ 


(1) Polypropylene 


(2a) Polypheny- 


(2b) Polystyrene 
resin 

H8117 
685 


(3) Hydrogenaled 
block copolymar 


cr 

ac 

O JC 

if c 


crt 
=» 

If 


CO 

-s - 

-1 1 

L£ 1 


c 

o — 

i- o ^ 
: co V 
> — ^ _ 
' u c 

ill 


o 
T5 

„ » B 

: « £ 

= £ •£ 
> ,<» — 
L H- « 


Appearance of 
molded article 


V 
■4 
0 
10 


Compo- 
sillon 


Physical 
properties 



55 



DC ID: <EP 1029876A1_I_> 



10 



EP 1 029 876 A1 

INDUSTRIAL APPLICABILITY 



[0039] The resin compositions according to the present invention are excellent in rigidity, heat resistance and 
organic solvent resistance and at the sane time, excellent in the balance among the appearance of their molded article 
tensile elongation at break and moldability. so that they are useful in the electronic and electric fields, automobile fields 
and industrial material fields including battery container materials, food heat-resistant container materials and inner wall 
materials of a refrigerator. 
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1 . A hydrogenated block copolymer which comprises at least two polymer blocks A each mainly comprising an aro- 
matic vinyl hydrocarbon compound monomer unit and at least two hydrogenated polymer blocks B each mainly 
comprising a hydrogenated butadiene monomer unit, at least 90% of olefinically unsaturated double bonds in the 
polymer blocks ma.nly comprising a butadiene monomer unit before hydrogenation having been hydrogenated. 

wherein at least one of the block at the terminal of the hydrogenated block copolymer is the polymer block B 
wherein the proportion of the terminal polymer blocks B in the hydrogenated block copolymer is at least 0 1 
wt% but less than 9.1 wt%. 

wherein the proportion of the aromatic vinyl hydrocarbon compound in the hydrogenated block copolymer is at 
so least 25 wt% but less than 80 wt%. and any 

wherein the 1 ,2-bond content of the polymer blocks mainly comprising a butadiene monomer unit before hydro- 
genation is, on average, at least 60 mol% but less than 99 mol%. 

2. The hydrogenated block copolymer according to claim 1 , wherein the proportion of the aromatic vinyl hydrocarbon 
compound in the hydrogenated block copolymer is at least 25 wt% but Jess than 70 wt%. 

3 " irhigher 096 " 3 * 601 **** C ° P ° lymer accordin 9 to claim 1 • n a vin 9 a domain degradation temperature (Tdd) of 1 50»C 

30 4. The hydrogenated block copolymer according to claim 1 . wherein the proportion of the terminal polymer blocks B 
in the hydrogenated block copolymer exceeds 0.5 wt% but less than 5.0 wt%. 

5. A resin composition comprising the following components (1). (2a) and (3): 

35 (1 ) 20 to 80 parts by weight of a polypropylene resin, 

(2a) 20 to 80 parts by weight of a polyphenylene ether resin, and 

(3) 1 to 40 parts by weight of the hydrogenated block copolymer as claimed in claim 1. 

The resin composition according to claim 5, wherein, in the component (3), the proportion of the aromatic vinyl 
hydrocarbon compound in the hydrogenated block copolymer is at least 25 wt% but less than 70 wt%. 

7 ' ™ e ^^ P0S u i °C accordin 9 t0 daim 5 - wherein the component (3) has a domain degradation temperature 

(Tad) of 150°C or higher. 

45 8 ' ZTV?" com P° sition according to claim 5, wherein, in the component (3). the proportion of the terminal polymer 
block B in the hydrogenated block copolymer exceeds 0.5 wt% but less than 5.0 wt%. 

9. A resin composition comprising the following components (1), (2b) and (3): 

(1) 20 to 80 parts by weight of a polypropylene resin, 
(2b) 20 to 80 parts by weight of a polystyrene resin, and 

(3) 1 to 40 parts by weight of the hydrogenated block copolymer as claimed in claim 1 . 

10. The resin composition according to daim 9. wherein, in the component (3). the proportion of the aromatic vinyl 
hydrocarbon compound in the hydrogenated block copolymer is at least 25 wt% but less than 70 wt%. 

11 * Hl^l c C °^ P0S u. i0n accordin 9 t0 claim 9 - wher ein the component (3) has a domain degradation temperature 

(Tad) of 150°C or higher. 
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12. The resin composition according to claim 9, wherein, in the component (3), the proportion of the terminal polymer 
block B in the hydrogenated block copolymer exceeds 0.5 wt% but less than 5.0 wt%. 
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